Aurdian Udristioiu and M anoleCojocaru / Afr.J.Bio.Sc. 1(3) (2019) 1-13. 
https://doi.org/10.33472/AFJB5.13.2019.l-13 


ISSN: 2663-2187 


African Journal of Biological Sciences 


Journal homepage: http://www.afjbs.com 



Review Article 


Open Access 


Autophacpc processesof normal and maligiant metabolic pathways 

Aurelian Udristioiu 1 *and ManoleCojocaru 2 

Medicine Faculty, Titu Maiorescu University, City Bucharest, Romania. E-mail: aurelianu2007(gy ahoo.com 
2 Medicine Faculty, Titu Maiorescu University, City Bucharest, Romania. E-mail: mancojocaru(gyahoo.com 


Article Info 

Volume 1, Issue 3, July 2019 
Received : 29 April 2019 
Accepted : 15 June 2019 
Published : 08 July 2019 
doi: 10.,33472/A FJBS. 1.3.2019.1-13 


1. Introduction 

Each cel I is "programmed" to "commit suicide," and this happens every day, without feeling any affection 
and withoutyour life being jeopardized. The"suicide" of cells is part of the sustainability of lifeon earth, so 
theydieforthegood of our body, they arethe "heroes" that arefound in each of us. Infact, intheabsenceofthis 
mechanism, life would suffer. 

Aging is not properly considered adisease; however, it is associated with different pathological conditions. 
I n the I ast peri od of hu man I i fe, cel I s u nd ergo several changes, i nd ud i ng D N A mutati ons, d amages at several 
other molecules, and accumulation of protein aggregates. Several stud ies have demonstrated that autophagy 
activation protects from aging. Infact, not only autophagy levels decrease with age but also overexpression of 
autophagy-related genes (A tg) protei ns contributes to improve lifespan in a human model of aging in vitro 
and in mouse models in vivo (Madeo eta/., 2015). 

2. Roles of Autophagy in Human Pathology 

As already mentioned, one of the most important functions of autophagy is the degradation of misfolded 
proteins, so in neurons, thefailureof autophagy can contribute to neurodegeneration (M ullereta/., 2017). It 
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A bstract 

Autophagy is a cellular process that maintains the homeostasis of the normal 
cell, butautophagicdysfunction isassociated with human diseases, such as cancer. 

In normal cells, the initial signal to form auto-phagosomes is by the class III 
phosphatidyl-inositol (PI) 3kinase complex consisting of sequence genes, Beclinl/ 
Atg6 and class III PI3K (Vps34). This process is negatively regulated by binding 
of Bel-2 family members such as Bcl-xL to Beclinl preventing Beclinl binding to 
the PI3K-III complex and thereby reducing autophagy. In cancer, the autophagy 
can be neutral, tumor-suppressive, or tumor-promoting in different contexts. 
Genomic analysis of human cancers indicates that the loss or mutation of core 
autophagy Atg genes, whereas oncogenic events that activate autophagy and 
lysosomal biogenesis have been identified in malignant diseases. Optimal 
combination of inductors or inhibitors of autophagy with chemo or radiotherapy 
in a variety of tumor type, in different phases, can be successful approaches for 
improve the effect of anti cancer therapies. 

Keywords: Autophagy, Apoptosis, Bel-2-protein, Phosphatidyl-inositol (PI) 3 kinase 
complex, M ammalian target of rapamycin (mTOR)Jensin-homologousphosphatase(PTEN). 
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can occur in Parkinson's disease^ a neurodegenerativedisorder characterized by a-synudein accumulation in 
the brain. Recently, in a study, was demonstrated that autophagy inhibition by 3-methyl adenine (3-M A) and 
by Atg5 knocking down in lymphocytes lead to a significant increase of a-synudein levels (Col asanti eta/., 
2014). The removal of mitochondria, source of Reactive Oxygen Species(ROS), performed by autophagy, certainly 
protects cel Is from DN A mutationsand prevents cellular transformation. It hasalso been demonstrated that 
del eti on of the autophagi c gene Bed i n-1 may cause devel opment of vari ous mal i gnanci es i n mouse mod el s 
(Gal I uzzi eta/., 2015). 

Furthermore, it has been demonstrated that autophagy-deficient tumors are more sensitive to several 
chemotherapeutic agents (Levy et a/., 2014). In this case, autophagy promotes thesurvival of cancer cel I sand 
protects them from the action of drugs that induce apoptosis. Although research i n this field is just at the 
beginning, an encouraging number of works suggestthat defects in the autophagy mechanism may beinvolved 
i n the pathogenesi s of autoi mmu ne d i seases. 

In Systemic LupusErythematosus(SLE), showed that factors present in theserum of SLE patients, probably 
antibodies, areableto induce autophagy inT lymphocytes from healthy donors, but not in T lymphocytes from 
patients with SLE. We speculated that chronic exposure to specific autoantibodies, as occurs in SLE, could 
lead to the selection of autophagy-resistantT lymphocytes (Alessandri etal., 2012; and Barbati etal., 2015). 

3. Physiological Functions and Molecular Mechanism of Autophagy 

Autophagy is a degradation pathway characterized by the isolation of targeted cytoplasmic material in a 
typical double-membrane vesicle, known as autophagic vacuole or auto phagosome (Ohsumi, 2014). The 
subsequent fusion of the auto phagosome with the I ysosome ensures the correct destruction of organelles, 
misfolded proteins, and microorganisms, carried inside the vesicle. Despite its emerging role in human 
pathology, autophagy is a physiological process involved in basal organelles turnover and in the removal of 
protei ns aggregates (Fougeray and Pallet, 2015), (Figure 1). 



Figure 1: Schematic representation of signaling pathways involved in autophagy multistep regulation. 
In presence of growth factors and hormones, mTORC 1 inhibits autophagy activation (Vomero M, Barbati C, 
Col asanti T,Perricone,C Novelli L,Ceccarelli F etal. Autophagy and Rheumatoid Arthritis:CurrentKnowledges 
and Future Perspectives. Front Immunol. 2018; 9:1577.Published online 2018Jul 18. doi: 10.3389/fi mmu .2018.01577) 
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In responsetothecondition of cellular stress,such as growth factors and nutrients deprivation, intracellular 
components degraded by autophagy are recycled inordertogenerateATPandsustainessential cellfunctions 
(Yu eta/., 2018). Autophagy is considered a pro-survival mechanism, allowing cel Is to respond to injury by 
degrading unnecessary and dysfunctional self-components; however, this ability may becomea double-edged 
sword. Three types of autophagy can be distinguished: macro-autophagy, micro-autophagy, and chaperone- 
mediated autophagy. I n this review, we will focus on macro-autophagy (hereafter referred to as autophagy), 
which is the most characterized type of autophagy. 

Consi d eri ng the cruci al rol e of autophagy i n the mai ntenance of cel I u I ar homeostasi s, it i s not su rpri si ng 
thatsa/eral signaling-related molecules are involved intheperfectfunctioningofthisprocess. Genetic screens 
in yeasts all owed thediscovery ofatleast37autophagy-related genes (A tg) (Klionsky eta/., 2016). Many of 
these genes, encoding proteins involved in autophagy and its regulation, are evolutionary conserved in 
humans. 

The mammalian target of rapamycin (mTOR) complex l(mTORCl) regulates the activation of autophagy 
machi nery, acti ng as a sensor of energy levels and i ntegrati ng upstream signals derivi ng from other pathways, 
including thephosphoi nositide3-ki nase(PI 3K). In the presence of ami no-acidsand growth factors, mTORCl 
represses autophagy by inhibition of Vps34and ULK1 complexes. On the contrary, in low nutrients state, 
defined as starvation, thedissociation of mTORCl from theinducti on complex triggers autophagy (Vomeroet 
al., 2018; Yuan and Cantley, 2008; and Hosokawaeta/., 2009), (Figure2). 



Theautophagosomederives from a double-membrane pre-autophagosome structurecalled phagophore, 
which seems to originate from different sources, including plasma membrane (Ravikumar et al., 2010), 
endoplasmic reticulum (Yla-Anttilaet al., 2009) and Golgi complex, in mammalian cells (Takahashi et al., 
2011). Phagophorenudeation requires the activity of class III phosphatidyl inositol 3-kinase(PI3K-lll)complex 
containing Bedin-1 (O'Farrell eta/., 2013). 











Aurdian Udristioiu and M anoleCojocaru / Afr.J.Bio.Sc. 1(3) (2019) 1-13 


Page 4 of 13 


Theinitial signal to form auto-phagosomes is by thedass III phosphatidyl-inositol (PI) 3 kinase complex 
consisting of sequence genes, Bed ini/ Atg6, pl50hVSp35, and cl ass 111 PI3K (Vps34).Theautophagy promoting 
function of Bed in-1 is influenced by the anti apoptotic protein Bd-2; in fact, when Bed in-1 is bound toBd-2, 
autophagy is inhibited; instead, the dissociation from Bd-2 allows Bed in-lto interact with PI3K-III complex, 
and to activate autophagy (Levineet a/., 2008 ). On the contrary, Bedin-1 regulated autophagy protein 1 
(AMBRA1) is a positive regulator of Bed in-1-dependent autophagy; thanks to its capacity to create a link 
between cytoskeletal motor proteins and class III PI3K complex (Fimia eta/., 2007 ; and Di Bartolomeo eta/., 
2013 ). Two ubiquitin-likeconjugation systems, Atgl2-Atg5-Atgl6L and microtubule-associated protein 1 
light-chain 3(LC3)-phosphatidylethanolamine(PE), mediate the second step of autophagy, which concerns 
the expansion and closure of the auto phagosome (Tang eta/., 2015 ). 

4. Protein p53-mediated Autophagy: A Prospective Strategy for Cancer Therapy 

The regulation of autophagy isquiteintricate. It involves a series of signaling cascades including p53, known 
as the best-characterized tumor suppressor protein. Recent reports have indicated that p53 plays dual rolesin 
regulating autophagy depending on its subcellular localization. Consistent with this role, p53 activity is 
compromised in a high proportion of all cancer types, either through mutation of theTP53 gene (encoding p53) 
or changes in the status of p53 modulators. Phosphorylation of the N -terminal end of p53 by the specific 
protein kinase disrupts Mdm2-binding and activates p-53 protein. Stimulation of HIF-1 and HI FI- target 
genes by mutant p53 protein results in autophagy inhibition. Thus, autophagy defects impair survival of 
apoptosis-defectivetumorcellsupon nutrient and oxygen limitation, leading to cell death by necrosis, which 
i n turn is associated with i nflammatory cel I recruitment, cytoki ne production and nuclear factor kB (N FkB) 
activation, which has been linked to accelerated tumor growth (Masoud and Wei Li, 2015 ), (Figure3). 



ATC9 


actuation 
^ inhibition 


Figure 3: Schematic representation of molecular mechanisms by which p-53 mutant proteins inhibit AM PK 
and stimulate mTOR pathways that block autophagy. (Cordani M, Butera G, Pacchiana R, Donadelli M. 
Molecular interplay between mutant p53 proteins and autophagy in cancer cells. BBA - Reviews on Cancer 
2016; 8:1-34. doi:10.1016/j.bbcan.2016.11.003) 
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I ntegrity checkpoint, a molecular cascade that detects and responds to several forms of DN A damage 
caused by genotoxic stress. Oncogenes also stimulatep53 activation, mediated bytheprotein pl4ARF, (Feng 
eta/., 2015). In card nogenesis are involved a series of signaling cascades including p53, known as the best- 
characterized tumor suppressor protein (Udristioiu and N ica-Badea, 2018). Recent reports have indicated 
that p53 plays dual roles in regulating autophagy depending on its subcellular localization. Nuclear p53 
facilitatesautophagy by trans activating its target genes, whereas cytoplasmic p53 mainly inhibit. 

M any cancer cells contain inactivating mutations of p53, which explains why those cancer cells go on 
living (Tasdemir eta/., 2008). The tumor suppressor p53 is a critical checkpoint protein in mammalian cells 
which is activated under genotoxic stress conditions, including DNA damage, hypoxia and oncogene 
activation, and responds by initiating tumor suppression mechanisms, such as cell cydearrest, senescence 
and apoptosis. Under theseconditions, p53 has been shown to trans activate autophagy-inducing genes and 
stimulateautophagy by inhibiting mTOR in an AM P-activated protein kinase(AM PK) (Feng eta/., 2007). Thus, 
posi ti ve regu Iators of apoptosi s al so i nduce autophagy, whi ch i s not very su rpri si ng gi ven that both pathways 
areactivated under similar stress conditions (Tracy eta/., 2007). 

On theother hand, when autophagy is blocked, apoptosis is accelerated or apoptosis-defectivecellsundergo 
metabol i c catastrophe and d i e by necrosi s. Thus, cel I fate i n response to metabol i c stress i s d etermi ned by the 
functional status and the interaction between the stress-mitigating pathways of apoptosis and autophagy 
(Boya eta/., 2005; and J i n et al ., 2007). Regard i ng cancer pra/ention, the function of autophagy as a protector of 
cellular homeostasis and genomei ntegrity may be particularly important. Autophagy inhibition asa means to 
sensitizecancer cel Isto treatment has been validated in several studies' inhibition of autophagy by chloroquine, 
a lysosome-tropic agent that raises intra-lysosomal pH and interferes with auto phagosome degradation 
withi n lysosomes, was shown to enhance the anti cancer activity of the al kyl ati ng agent cyd ophosphamide i n 
a mycgene.Gene-induced lymphoma model and to inducep53-dependentcell death and tumor suppression 
in different myc-induced and ATM-deficiency lymphoma mod els (A maravadi eta/., 2007). 

5. Role and Regulation of Autophagy in Cancer 

I ncreasing evidence revealsthat autophagy dysfunction isassociated with human diseases, such as cancer. 
Paradoxically, although autophagy is well recognized as a cell survival process that promotes tumor 
development, it can also partici pate i n a caspase-i ndependentform of programmed cel I death. I nduction of 
autophagy cell death by some anticancer agents highlights the potential of this process as a cancer treatment 
modality (Lin and Baehrecke, 2015). Dysfunctional autophagy contributes too many diseases. Large-scale 
genomic analysis of human cancers indicates that the loss or mutation of core autophagy genes (Atg) is 
uncommon, whereasoncogeniceventsthatactivateautophagy and lysosomal biogenesis have been identified. 
Thus, theroleof autophagy in cancer isdetermined by nutrient avail ability, microenvironment stress, and the 
presenceof an immune system (A maravadi eta/., 2016). 

Defectiveautophagy isimplicated in tumorigenesis, as the essential autophagy regulatorBec//n 1 ismono- 
al lei ically deleted in human breast, ovarian and prostate cancers, and Beclin l +r miceare tumor-prone. Cell- 
autonomous mechanisms, i nvolvi ng protection of genome i ntegrity and stabi I ity, and a non-cel l-autonomous 
mechanism, involving suppression of necrosis and inflammation, have been discovered so far. Autophagy 
inhibition concurrently with chemotherapy or radiotherapy has emerged as a novel approach in cancer 
treatment, as autophagy-competent tumor cellsdepend on autophagy for survival underdrug-and radiation- 
induced stress (Yin etal., 2016; M izushima and Klionsky 2007; and Baehrecke, 2005). Lower Beclin 1 protein 
expression, as compared to Bed i n 1 levels i n normal adjacent breast tissue, was confi rmed i n a smal I series of 
human breast tumors but any correlation between allelic Beclin 1 loss, and thus defectiveautophagy, and 
clinical outcomein breast cancer remains to be investigated (Liang etal., 1999; Feng etal., 2007; and Maiuri et 
al., 2007). 

The mechanism by which autophagy defects lead to accelerated tumorigenesis is not readily apparent, 
especial ly given the wel l-documented pro-survival function of autophagy, which prolongs both normal and 
tumor cell survival under metabolic stress (Mari ho etal., 2007). The protei n kinases that are known to target 
this transcriptional activation domain of p53can be roughly divided into two groups. A first group of protein 
kinasesbelongstotheMAPKfamily(JNKl-3, ERK1-2, p38MAPK), which is known to respond to several types 
of stress, such as membrane damage, oxidative stress, osmotic shock, heat shock, etc. A second group of 
protein kinases (ATR, ATM ,CHKland CHK2, DNA-PK,CAK,TP53RK) isimplicated in the genome growth 
(Lumband Sansom, 2015). 
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Regulators of apoptosis, such as anti-apoptosis protein Bd-2/ Bd-xL and the pro-apoptosis protein family, 
BH 3-only proteins, interact with Bed in land can modulate autophagy. The anti-apoptotic protein Bd-2 binds 
to Bed in 1 under non-stress conditions and inhibits autophagy in theER, whereas theBH 3-only protein Bad, 
BN IP3 and BH 3 mi metics, such as A BT737 competitively i nhi bit the i nteraction between Bed i n 1 and Bd-2/ 
Bd-xL and stimulate autophagy. Constitutiveactivation of the PI 3K/ AKT/ mTOR axis is aprototypicsurvival 
mechanism commonly encountered in human cancer (Lo Piccolo eta/., 2008). 

Diverse cellular events, such as loss of the tumor suppressors phosphatase and tensin-homolog deleted on 
chromosome 10 (PTEN) and tuberous sderosiscompl ex (TSC) land TSC2, amplification or mutation of class 
I PI3K, overexpression of AKT, constitutiveactivation of tyrosine kinase growth factor receptors and exposure 
to card nogens, can all result in abnormal activation of this pathway and, ultimately, in autophagy suppression 

( A r i co et al ., 2013; and U eno et a/., 2008) , (F i gu re 4). 



Figure 4: A first group of protein kinases belongs to the M A PK family (JNK1-3, ERK1-2, p38 MAPK), which 
is known to respond to several types of stress, such as membrane damage, oxidative stress, osmotic shock, 
heat shock, (Chen V, Karantza-Wadsworth V. Role and regulation of autophagy in cancer. Biochim. Biophys. 
Acta. 2009; 1793(9): 1516-23) 


Two pathways are responsi bl efor autophagy acti vati on i n response to starvati on and E R stress: (a) med i ated 
by AM PK and Ca-M KK; and (b) involving p53and damage-regulated autophagy modulator (DRAM) activation. 
I nth is context, Ras exhibits an autophagy inhibitor (via class I PI3K activation) and an autophagy activator 
(via the RA FI/ M EK1/ 2/ ERK1/ 2 pathway) (Chen and Karantza-Wadsworth, 2009). Several mutations or 
loss of PTEN function affect the activity of lipid phosphatase, which leadstothedevelopmentofavarietyof 
cancers. Of the th ree resi duesin the PTEN component, R-335 w as f ou nd to be most i mportant to i nteract w i th 
cellular membrane, in common with several other germline mutations, and was associated with inherited 
cancer (Lumband Sansom, 2015), (Figure5). 
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Figure 5: Fosfatase tensin-homolog (PTEN), in membrane location interacting in clinically important 
mutations (Lumb CN, Sansom M SP. HIF-la pathway: role, regulation and intervention for cancer therapy. 
Defining the Membrane-Associated State of the PTEN Tumor Suppressor Protein. Acta Pharm Sin B. 2015 
Sep; 5(5): 378-89). 


6. Autophagy in Immunological Tolerance 

M any studies demonstrated autophagy's contribution to the presentation of cytosolic anti gens in association 
with M HC class 11 molecules, playi ng an important rolenot only in the acquired immune response but also in 
the mai ntenance of self-tolerance M echanisms of central (i n the pri mary lymphoid organs) and peri pheral 
tolerance(in peripheral tissues) physiologically prevent immune responses to self-anti gens (Starr eta/., 2003). 
DuringT cel Is development i n the thymus, the recognition of peptide-M H C molecules on thesurface of thymic 
epithelial cells (TECs) ensures that only thymocytes restricted to M HC molecules, and specific for non-self 
(foreign) anti gens, will surviveand continue their maturation. Emerging evidence indicates that autophagy 
contri butes to the mai ntenance of the central tol erance mechan i sm ( LI eo et al ., 2007). 

Was recently ra/ealed thattherehad been an alteration in the selection of theT cell receptor (TCR) restricted 
to M H C class 11 i n mice transplanted with Atg5-/ - thymus. A utophagy defects, i n association with a consequent 
loss of self-tolerance, could be the reason of multiple signs of autoimmunity reported in these animals 
(Mizushima eta/., 2004; and Nedjic eta/., 2005). These two opposite results probably depend on the different 
approach used to inhibit autophagy in the thymus, thus further investigations are necessary (Suksereeeta/., 
2012). The i nvol vement of autophagy i n the presentati on of self-anti gens to i mmatu reT cel I s i n thethy mus was 
first analyzed by Kasai and colleagues, who showed acolocalizationof LC3-II with the lysosomal compartment 
in which M HC-peptide complexes are formed. More recently, Aichinger et al. (2013) demonstrated that 
autophagy is essential for endogenous antigen-loading onto MHC class II of TECs for negative selection 
(Aichinger eta/., 2013). 

7. Autophagy in Lymphocytes Homeostasis 

Peri pheral i mmunecel Is play an i mportant role i n the perpetuation of autoi mmunity by sustai ni ng systemic 
inflammation status and by participating in the extension of joint destruction mechanisms. Many studies 
demonstrated that autophagy al lowsT and B lymphocytes to survive i n cond itions of nutrients deprivation or 
during stress stimuli (Gianchecchi et al., 2014). Mice lacking Atg5 do not surviveand have a reduction of 
peripheral T cells, showing how autophagy isessential for their survival. Sincecytoplasmiccalcium levelsare 
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essential for TCR-signaling pathways activation, autophagy-dependent calcium flux regulation could 
influenceT lymphocytes activation. It has been demonstrated thatCD4+and CD8+Atg5"/ " cel Is are not able 
to properly proliferatefollowingTCR stimulation (Puaeta/., 2014). Moreover, the inhibition of autophagy 
causesdefectsinT cell activation. I n fact, deletion of A tg7 results in decreased inlL-2mRNA le/el andATP 
generation, suggesting that autophagy is required to ensure appropriate energy level forT cell activation 
(H ubbard eta/., 2010). Similar data wereobtained also on B lymphocytes, demonstrating that autophagy is 
essential for the maturation process and for thesubsequent maintenance of B lymphocytes repertoire in the 
periphery (M iller eta/., 2008; and Arsov eta/., 2011). 

8. Autophagy Inhibitors and Therapeutic Implications (Therapeutic Strategy) 

A ccord i ng to mu I ti p I e cl i n i cal tri al s, depend i ng on the ty pe of tu mor and i ts stage of d evel opment, acti vati on 
or inactivation of autophagy may contribute differently totumorigenesis(Marinkoviaeet al., 2018). In this 
regard, if increased autophagy confers tumor resistanceto death-inducing agents, its inhibition will allow an 
i mproved response to treatment (Carew dial., 2012). There are two types of autophagy i nhi bitors: the early 
stagewhich blockstheformation of auto phagosomes (3-methyladenine-3 M A, wortmannin and LY294002) 
and latestage inhibitors present in theauto phagosome I ysosomefusi on and degradation phases (chi oroquine- 
CQ, hydroxychloroquine- HCQ (Gracioeta/., 2017). 

The study of pred inical modelsfor thei nhi bition of pro-survival autophagy by genetic or pharmacological 
means has highlighted the possibility of tumor cell destruction and the onset of death of apoptotic cells, 
(Mari no eta/., 2014), but also the fact that stress-induced autophagy in tumor cel I scan lead to resistanceto 
treatment and tumor latency with eventual regeneration and tumor progression (Lu et al., 2008). Several 
results from studies indicate that an optimal combination of inductors or inhibitors of autophagy (CO, H CO) 
with chemo or radiotherapy can be successful approaches, being already approved by the Food Dug 
Administration (FDA) (Solitroand MacKeigan 2016; Boone dal., 2015; and Pan dial., 2016). 

Based on the fact that approximately 70% of clinical trialsfocuson the role of autophagy incancer, it 
indicates that the potential for autophagy modulation in cancer treatment is promising. Clinical studies 
i nvolvi ng autophagy modulation i n cancers have been desi gned to eval uate the effect of autophagy i nhi bition 
in combination with other conventional therapies. Only a small portion of the cl ini cal studies on lung cancer, 
glioblastoma, pancreas, melanoma, breast and prostate cancer test CQ / HCQ as monotherapy. Current 
clinical studies (pancreatic adenocarcinoma) haveshown that autophagy i nhibition by H CQ as monotherapy 
is not sufficient (Wol pi n et al., 2014). Thus, the useof autophagy i nhi bitors i n combi nation with chemotherapy 
can suppress tumor growth and trigger cell death in a higher percentage than both chemotherapy alonein 
vitro and in vivoTablel, (Yang dial., 2011; and Amaravadi dial., 2011). 


Table 1: Autophagy modulators apply in preclinical and clinical studies/trials for cancer therapy. (Amaravadi 
RK, Lippincott-Schwartz J, Yin XM, Weiss WA, Takebe T. Principles and Current Strategies for Targeting 
Autophagy for Cancer Treatment. Clin Cancer Res. 2011; 17(4): 654-66). 

Cancer type 

Autophagy modulators 

Model tested/clinical trial phase 

Pancreas cancer 



Stage 11 b or 111 pancreati c 

adenocarcinoma 

HCQ+gemcitabine 

Phase 1/ II 

Advanced metastatic pancreatic 

adenocarcinoma 

HCQ+gemcitabine/ abraxane 

Phase 1/ II 

Metastatic pancreatic 

adenocarcinoma 

HCQ; Gemcitabine, nab-paclitaxel 

Phase II 

Hepatocellular cancers 



HCC after liver transplantation 

Sirolimus; RAD001; Sorafenib+HCQ 

Phase II; Phase III; Phase II 

Advanced HCC 

Sirolimus; Sorafenib 

Phase 11/ III, 
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TheAmerican Brai n Tumor Consortium initiated a phase I / II trial for glioblastoma patients using HCQ, 
temozolomideand radiation highlighted thelevel of inhibition of H CQ dependentautophagy using an electron 
microscopy test on blood serum mononuclear cel Is (Rosenfeld et al., 2010). Electronic micrographs of peri pheral 
blood mononuclear cellsfromagliomapatientincluded inthePhasel/ II study using temozolomide; radiation 
and hydroxychloroquineTO demonstrates the anti tumor activity of this combi nation. 

I nduction of autophagy is another way that can help improve the effect of anti cancer therapies when 
autophagy iscytotoxic by inducing cell death - apoptosis. They have been described intheliteratureand use 
a range of natural drugs/ extracts to induce cel I death mediated by autophagy in various cancer cel ls(Bristol 

etal., 2012; Sel varaj etal., 2016; Acharya etal., 2011; Turcotte etal., 2018; and Li ma et al ., 2016). 

Some recent studies describe the important role of autophagy in regulating immune recognition and 
responding to tumor cel I immunogenicity, involvement in tumor anti gen, processing and subsequent activation 
of effector T cells (Viry etal., 2014). In this direction, the adjuvant potential in stimulating the anti tumoral 
immune response was experimentally demonstrated in micewith pulmonary carcinoma and melanoma(Li et 

al., 2001 ). 

9. Conclusion 

Autophagy defects areassociated with susceptibility to metabolic stress, DN A damage, accumulation, genomic 
instability, and accelerated tumorigenicity, and these observations lead to the predictions that autophagy 
stimulation may preservecel I ular fitness and genome integrity, and thus prevent cancer, and that tumors with 
chronic autophagy deficiency may be particularly sensitiveto certain anti cancer agents, such as DN A-damaging 
and anti-angiogenic drugs. I nhi bition of autophagy concurrently with treatment may augment the antitumor 
activity, and thus the efficacy, of radiation and/ or anti cancerdrugs. Ultimately, pharmacologic manipulation 
of autophagy for cancer prevention and treatment will depend on our ability to successfully recognizethe 
functional status of autophagy in tumors and on the availability of specificautophagy modulators. 
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